~= NAVAL CENTER, LCA =

LOCALIZED AND GLOBAL APPROACHES FOR TILED NOSC TD 1228
a WINDOW MANAGEMENT BY: JF CHEN, IS GREENSTEIN UNCLASSIFIED
"llUNCLASSIFIED JAN 1988 -

NN
{ | [ [ [ | [}
. NN
HENEEEN
HEEEEEN
HEEEEEN
HENENEN
HEEEEEN
HEEEENN
HEEEERNN
HEENENN
HE NN
]
NN

—




NOSCTD 1228

Technical Document 1228
January 1988

LLocalized and Global
Approaches for Tiled
Window Management

J.F. Chen
J.S. Greenstein

Clemsaon University

821 01 ISON




NAVAL OCEAN SYSTEMS CENTER
San__piego, Calilfornigfgj752-»5099

Fowo SCHWEIZER CAPT O8N

Commander

RoAL HIELEYER

Tecnnical Diractor

ADMINISTRATIVE INFORMATION

¢ e i Ol
K N S Ui Sooarume 1 v N
v - Lo
Nt . i Mood Hi
et oo meoss syl Teennoioey Brondl N el ! L
[ =
ACKNOWLEDGMENTS
~ resenrorowas supporied by the Human Tociors and Speech Technoloey Frarchn Naval Oy
AP rrer, ander the techmean direction of Dro Glenn AL Osga. Apprrecianorn

Do doel s Greensten for providing the Lopic, cquipment. and invii
cther committee members, Dr ROP Davis and Dre DL Kimslers o ther valiane

cornments,




REFORT DOCUNENTATION FAGE

- .
- - 1
i
e ~ MY
L
" N 1 N
RS [ : .
‘ v e ’
T A v N
v !
~ra . .,
L + N + »




‘-

ToaNs

N

[ e e e




-~ . - S e i i + - . - S - -
T : Lt Tode [T - . : Cee e Tl . W
LSRN B P M T sl Nl ‘e . - . f 9 Ty
oo R e Te T EO § e - Tl P
i A O - Lse T Ly LTl A Lo N S Y - T el
Tt s .0 s Tan % CRINGT 0 et e
- o ’ TR A P - SR AR S At e Tt

Sovoa v e
- s - L
S M ~ 3 ac

9
I

LT _aTEed Wit The secnnd 00T “ermed ST
H i space r W OY eniarged Jindow ET St
A R o tTie same T ow T s el LTl
CSseaTlN o was letermine - Lative effin 1T vrese

Efall wsed under four decisd mae’ T S .
TEs LT a controiced, behavioral sTodvy ol human periorTmatoe sugpes

2 MAETIAT € Te ! . IS N
[ i 0 “He FieRali [ A I LT Tt
T L3 e CUCAr L LT i pTohe taT i s T T FE ! T

iy
T




-~







. LY A LR T [
e o
. 1
; B
. . [ .
. s i .
T . e
. [ SN . i
. - . " 4 .
N oo .
S B . :
N T . T2 L B -
2 S - ‘ . o
R - i 3 ' .
) M LN B b :
. o e - - S
R 5 i A . o v B
: L : . . .
! B . i -
€ o ' g S M




> [t .
SAmEC . L an
: Sl

BTN A

r M

ANmeE 7

AT L0

iow Ma

Zemen”

NEOE S

AT Do
Lo Tyae

TOW

- T TR L
Lot

DT W e e
LEL L P .

w1 T

S
I
ment Tioe




-




ool RN } N 4 y S 8 : : :
w D TUL B
- P T S I G S et N
. A bog PTG Tk
B T L
- » . “ I Lo
- B o T s se n e
Lt ©oar - [ P w7 D
o o " RRSENS Sl B DAY SE N el RG] - T - h
LN [ S S S : SRR I W - L 5T . P

LmerTa, Lesian

N TNy ST - . . - - . | S R R N
A X Do DL Interactlon forv Number of Window
: Time s
Lo o wWindow S
- e e DI Doye -
e S edYeG a3 S S . .
R Aar smert T lme T
]
Ao Do Interaction for Nimber of Jindow et
- N - -~ -~ . [ U TR S,
sperations o Ten ov More Jicspoaved Lata -
o Ll mion Tor window Marg . Lme
[ o - .-
; . .. . . L
B - % - i “ PR 1 .
. . . [N -







Lb
e




v

"y

.




aageqe

Tmandgeinan

T
iU

3




e e s T e any A les s T Lt Ty
arn TaT oo LY exXami.e . U0 .rT
s mmatols v . K W Llono W ¥

tme c3n me dlsuiaved

- Thev serve as ar indicaticn of command Conlext anc ac e Porms
~men tne display cursor is in a given window ommards Care
a specific mraning or “hat window Comes actloce Tr.s allrws .
the command Language To be siapler and more modvlar

represeriatioens [or The

toopertorm a seguence ol

cted arn experiment To

[
T
oy

1

“re nvpothesis that the user can gain benefits from multiple windows in

Drmatlon re:evant

,,/
[N
~

& Zask which reguires the alsplav of supplementa

users of the windowed envirornment

stent additlional time gelting windows onto tne screen and arranging them

cr
®
rt
jog
(Y]
o)
ot
T
[
Y
o]
v

.. a 2sacle lavout, chelr performance was more accura
Lie73 L the ten-windowed ernvirorunent
darv et al. 198%) suggest that users can also bernefisz from mulzigle

w.nizws in the following zasxks

L rasks in which users monitor svstem changes in a se:cndarv
a

window while pertforming a zask in rimarv wincow:

z “aswks in which specific locarions within more than
ore application need to be specified

window Tategnries

Card et 3l 1986, stated that current designs {or vindow manage-

T=7T 3ysvems tan be broxken down into approximatelv tour

I8}
m
r
)

™
5}
e
»
s
wn

suToLe "UTYY windows, Time-multipleved ~indows  space-mul =4 owon
LW AnG nor L WiNGOWS Sigppie "TT{" wirdows LTltame e

wa ol ude soraliab.ee windows and brame ooa- v e s os T ems




ST x . L ~ : , T . x ~
a2 48 . . . U gVr U PR - A B I P
~oLilSw s TR e DL T et N as L Te et e D T S . . 2T
Sefarmartan ar a7 Sosllaving subsers 0f closel s re.atenr 1ntorma

. T Aoove dimensond. wildoiw Ls o oa soreen divided elLner vertila, .
r izonTally inte imenmsinnal
WINSOWS dre Tl.ed Wil Lo WLTO WS ale
TUEYLApDLAnE wlTndCws

Non o homegerneous windows tnclude “hose {n which “he leve., of the

sisolaved information mav changze withirc or across windows. I:oons,

windows. and zooming windows are cnnigues

some sorT. An Icon mav be selected and

r
'Y
73]
2
V]
2
.
wn
o
[}
-
fo
e
w3
s
9}
o
[
Lot
0]
O
iy
n

exvanded info a full-size windew. Icons are a means for keeping remind

=rs of a large amount of information on the screen withcut taxing up

2ifeocal windows include thoese windows in which hieravzchical infor-

full derail

hY
<
2l
u
-
—~
73

o

i

s

ol
AR
N
'Y
T
o
g
ot
o
1
el
g
2%
o
hel
o
s

rv in A4St

| .5, ot~ user always ras detailec di ay of scme lzem 2% irrerest ara

Vo
W)

o]
-

-0 detal.ed displav of contextuallv related [Zems.
In wprical fish-eve windows. informartion {s compressecd 1nn the win-

€2

e L l7/e Tle image of a convex mirror In logica: fish-evw dows |

1

K -~ N e ] - -
ST T N an Lhe soreen may he redud acoording o
T S troea, poont Vo e amyoLf 4TV T AT Am
» . - - - * - P “ + - - - e v -
. e . LT L T e S S R qrm o« i PN 0




Lo see some!

L3 COMMon wWiltho o “he
: TrEe saveern 1n Det e

s W ITUIOWS

The AT Mlte T ore L

Cr T T oLl Te s - e e ' : !
cred o oeach of the otner arms oo b Y R
Iroocoming windows  d5va P AR Lo T et
ceT or smal.er in the mang bt R TmivE o camera e d S S ST
N T D pe Ol SuUlpUess LT partns v T T a0 T LT
roodisT TS that are mosIT LIpn: i
Coren. Zmith. and Iversor VERE S remorteo Tnar 1 dritterert sl
T..ed window organizations have heern pullt
N column- -windcws 4re LlTed Lup veut. Liv ir o4
N Multizooamn - The oided into muitipie oalanre oard
wirdows are [lned Sl oIin eacn colamr
: Yierarchical- -The screen .5 Zdivided eirher vervicallw or horvi
zontaLiv into partiztions. and the parvition is then recursive.w
divided into subparz:tions windows correspond "o <he firai se-”
cf undivided parcicions Fach partition corresponds =o a node
n a hierarchy, with windows atr the leaves,
- Nonmnierarznhical--Anv rectangular tiling can appear in the
svstem.
Ti.ed Windows s  Dverlapping windows
4 wiled window svstem [s defired as one in which anv oren window is
ivs fuliv visible windows are ro- a.lowed to overlar AT aver_ap-
g wincow svstem 15 defined as one in which the user 2an marade a win
3 locazion and size in anv wav desired
Soodfelliow (1386 norted that <.i.led windows and erlatting windows
:r. have advanrtages The advantages of Tiled windows incl.de
h Since no window is ohscured. The nser never has To e T

hing =hat has Deen hurled ano, N
overilapving mode:
vt Liaed sirtce 1Ls DN el
TN Lnp e




T s
R
ihe
~" Al
FCXSR
- e
~ ey

w

LA

- L

TLONS are

10w managerv

e windows

asvantages wl Ve
W owundew L

avpraach Thar W

dows

M
v

windows mav he
oAatlons Thafto ous
ared with over.a
— vyt - g - T
L chie TLhaang

it

S
Y
PR

v
oo
Sel'l
. e
k3 L
w LT
Te

B e
e
i

idcarte

1of

2w

TOWS

smmodated

“NY
G L

windows over

swvstems

]

The

o

S

- et

v B - oW
N AT T e -

il e Y ;f%

t the desxkiocp node

noet

ire

LR

i
need

encugn wWe

A150Mman . nAa.

1 .
fere

2ec

ry
I
wi
Tia
~

ocme

L
L
e




- sy - PR B L . P - .
“le a2 s v SR LIl e D USntT W 7owm T M N
- e - - . S I O S e - .

- e O R . e e T E P PR A = Al e e DL L
S 8 a e e R SR . , Yoy . - 4 .

. Sl wdU AT L Latilatlsy TRET £ R B Lihers ol wiTa. ’

N - + [ . ~ B - o . oo
and Resenberg (1926 conducied arn exvperimernt tTo Compare Tlled

~lTan
T
S
ders

Lonorequire (1t e window manipulation Can te carried oul more gquicel s

L]
S

ILTE WiLINhGOowWs

5.70075 3uggest the possibilizy zhat for a user equailv profisiernt wi~
Tweriapping and Tiled wi.ndow svstems. Tiled windows mav he heTer in
ToTn o osLTuatlons. Paradoxicallv, however, 19 of rthe 2 s.n: studlied

Zser Contrs s S TonTIol
Farv oen al (1983, reported “rat one of the most signizl Towavs

<7 Lo window wanagement systems diffsr s in whetlier the wird.ows are
LTeT iSer ST svstem Ccontrol Some of Tnhe most elferTive Lges I miltd
T.e &l in svs.ems in whi~n *he o
Twn LS ir= v ounder svgtem contra, SUSTEm et r L Led Wity 0t e
T LT Thie Aan ;T wlvdows Wl , ERR A N v '.'

2T T =R T L7077 1565 e WLt low - Tt 3 e N t

N S Colde cre Best Torat Dt e s ae t R ~




R N T . : v
ToTmTTOL The Y all e leTendiTe o e e ol I M T £
AT Te L oW WS GTe SO LT AT i AT e A - T 5
TS £LVE LNE uSer To TUntro. aver o YLt mertr oWt “ter
LosTems .. ow The user Lo ~iEw the location where e woo Il e
pene U Byr onothing e lue i1 others allow The L3587 "2 nove The win
S oav i zfter L1 o has hweern orcened lrooooss LTe A se et ion
Trom ti1st ls made the window ls automatica..lw still
Trel 5. -ws mare a disTincrion bhetween types of work wincdows  giving
certaln Twpes 0% Wwork wirtanws full tomizabilicy while limiting trne
furcTour Tt oothers
fuca::zed and S.obal Approaches
fur aindow Managemen:
Coren ern al L9863 stared that tiled window managemen: svstems
Tiiler wide.y (n rthelr approaches to resizing and opening & window
amen a window 13 resized ir Andrew and RTL/RTL "twe of the severa. 4if-
fzrent wiiolw management svstem immplementations that have been reported
Lmotrne Literat.re,, effects are iocal and manual ioniv the adiacent win-
oW i opiven or gives up space and the amount of space given or taken is
: =t v the user.* 1In Cedar and RTL/CRTL, effeczs are glnbhal. ard
a.tomatic rali trne other windows are given or give up spacte with the
snounts oI space given or taken Zontrolled by the svstem N oGosiing’s
svstem the effect is as local as possibie If the sd-acent windeow
PN Kl space is “aken from rthe next most adlacens
wlndOw Tnothe BRTLORTL svustem. arver specifving the wiriow oo one
TETE L e (ST G0 S oAt e edpe ot e g thes LT e
lER T Taes ol Tor s Booh etar o asa s N Tpoett




~ Ll e A T 1A T N R YR R Al Moorasol
P ~ N T RS D R R D S SR - s -
Tl AL L LAl e TeT e LG e s T e Wl UO0w 1s s 5y . L aTe T

T [N S bR S [ il\\i L lle Tew S#iNCow s N AW d o liaL L
ST e wWlriowsd ar. Dutn e
LLe DT 27 d N lTTIOwW O 2
Te TIAT W lCw SDNArew ”
i3 LI acement, L. tirds a . e X
TIAT ever A TeT Qe T b;’.rf TVE W '~'LT‘C’T"~ ol k‘-?r\ aAwaw rrom LT PG s
sTIlL AT, LTy siTe o Ta.nTs reduLre In manua. Do
Spes Ltled Looant et oo riod g L ;voLn tne window mleraran
ar 2 o rmices Tne 4. TLa. [o.d4lemers

window manazemensT svstems a.s0 diffsv greatlv in their

: cLrsing 2 window a3 oa res.u.t 2t TeslZing 0T opening ancther Wi
IO R lzing nhas L effa.: eniarging a window takes
B AT 4adacent Wwindow aren “he adiacent wincow Zecomes T00
TTa.. el ner enlarg-mert 1s orornitited e g o Gosiing s IMATT or o the
LT TAIRTY Wt N DOMAT LT AL LY Lased e g Aandrew and 7L RTL

P nav a4.50 CLose a Wwindow when window {5 nperea eivher
wdar nor w auromaticailv closes windows Tedar will
© alhow o q owindow toobe snlarged LEothis will force all the orner win
LW in ts cToLumn to ne shruny helow thelr minimums LT owilil open
Cew wlindow  earn 1l chIs Temalning windows woTneir o min

R M PR STt ST W L et penoa wittow LF fraele D T ERURI ISR
AL worer L U707 RTL s o wariet aT o apiiors Tor e st it et
: Lunre Cr o he ser onpe Dle o weNDUT T aeiTe T it




Lo . ) . ) s . . . R e
=7 . T Wl s s e Gt e e T gl swed L he L er
- e e T . D e LA et S et
AR S S dsre Lo m T - PN wan e Coned mge
Te re LOhCdL s ThaT o on.w ad acsrnl T Tne Wil
e e s laged L : VoW Wil Te T Lged oon tne =
winCow Commard 3o

dureoet s LRt smaTed rhan 248 TOSUSTETS a4 nala "
Tioow tdetimical command intert: radicails 4 LT Treln
TIMmATG ST s Toan o 1osTrinTore
“Tl1lE 2TheT svstems adopt An a0 ecs st Iuols
= svstem whichi uses an
: w{fcetive promprs

wite knowledge of the wuser s inTentions  and user’s nterntiung

~an oue deduced a4 Zreater ax”Tent 2dge of the actlion than
- >t <he ohrecr “he other hand, the op-ecz action
TUTLTAM sTUILCTUre USUdL.Y TesulTS 1N 4 SYSTem with this
s .. regarced as desirah.e

Ture s 50 R T MEA LS T
- e - Yolinwi

N FoanT oAt and select actions o e WlthoaoTl

. Lon 3o selecT Wittt Torens

Totne nooommarids S Do rane e Mocte widiow L .
. e Al ta Tarenno s
N ; . ) N 1 - *




ot

T




S L LTEIaULre Teview Markds L. D LIeAar Thal Lhe Wl S jau-
= TroVLles d Vel Ty otne OLsUOav Gl AT L e U
- R . . . A e ey - - -~ . . . . - . -
3 Z Ihd AT OOEN NAalY WINIOW THaANAFE e Vos Tells leel

~ L. L LlAaln

oY)
'
[
o3
¢

WIS OWS

S}

LLCWS

3 %o gain the weretfits of a nme~ver human-computer interface., {t is

a
N
)
t
o
o
2
7
-
1
s
[
t
)
O
il
Ui

vnrortant for svstem designers to xnow, for exammie

iocalized approach for resizing and cpening ©il

prroach and in which situations svstem cornsrol of win-

“ow manag-oment is betvter than user control Such info

Tt des.grers to lmplement tre w

iven sizuation

[’
i

Berause users nf  lled vl need ©o spera

sihsrantia, amounts ofF “ime a racions salt-

smas. to fullv

2t le to o verfiorm tasks particusariy if windows become ¢

: Vot e lntormarinnm wish rhem ir ‘¢ worth imvestipgating
e wlte ma o Tacallzed and giota, roACEes oyl Jloitw mandee -

R L O asK DETIoTmance The  che e LS LR oreseirohos




JTole a2l L LE ZEC LSl TAKITS S e Tl V&
A R The oureved e e 4 A -t - ~ o
T sE ditfer 1o oThe aUnria THCpEN AN dTel CeSLTltie 1w
Lo oo - of opering and resicing 4 rew w 1w
e cdlsting windows 1€ loca.ized. with ospace areatel for 4 vew -
Foolsradd wooZow DYoraking s ocoe from adacent windows when the sd-s
ST e nave enocugh spdce Io meet The le o ¥ Tew
irl: window. syace is aiso taken from Trne next mesTt adiacent win
LIW3 IoooTtner svstems the effect iz gl witih spale oreaved for &
Tew v enlaregsd window nv rawxing space from a.l the other windews in "he
row or conamn of cthe display The eifects ol TWO approaches

1
1
Y
ad]
Qs
<
Q
[
S
QO
rh
[s0)
o
s
n
ge]
s
[\
<
%)
L}
1]
+
[
10
3]
(2
[ny]
it
iy
[
e
&)
o)
e
19
—
~
D
[¥2]
»
[
S5
o3
[aW
et

Three hvpotheses are rcroposed regarding the effects of these -wo

“7rcaches on rthe amount of fime ~“be user must deveTo L3 window manage-

W

n stating “hese hvpotheses, 1% is assumed that a maximum of M
Ttws I windows are permitted on the displav. The mean number of dacta
:eT: Trat can he displaved in thelr entirety within the spatial -~ornfines

zacn of ~hise M rows is denotec Bv N, Thus. on averige, Tre Ud"a.

+r=a avaliable on the videc displav is sufficient to permis

“ireoas displ-y of MxN data sets in their entirety whern Less “han

iiTa sets are displaved on the video displavy a ~nce. {7 1s Likelw "ha~
- g d - " ~ - ~ - b -} R N N $ A - = ey T -, Sy oy

me window ai’ocated to each of the dispiaved data sets wi.. be iarge

srogn 2o displav the f£.11 »an-ents of ~he dava ser wher mare Than Msh
aTa sevs are dicniavec o the wideo Alcnmiav ar nrnce It o herumes more
_re s otnat e windnws allocated o oTe Ly more of rhe 00T oa.et dana




veromepry v Sapaedy nneronddy rgo o sa povocddy pospee ey

len ] o
e AL =

S olue
e,
U | VA I R R
ST B ST




dAupuady uy

Hovo oddy PO sa qororddy poacy ey

Yel

OX7
(1 U

[

EE———
,ﬁ 4 \g




moputm bodurdaeiug uy goroaddy 1Pqors  sa gowvorddy pasypeoo

~..:f».._ BLZ :Z:.,T_ MAN

S @ Rl

o M S Cﬂw — _ C / ; O
RV AV T
Sl Sq b oc sli=INEY,

Q
;
< Dw@ 1

Sy ' ‘s K] Za

woreorddy peqogn (TR ,____c. pasvoog

oS peupd o
o [Noal o

U/ e 201 00

0l Vol 1Y

- b ——

L. § B B S ,o..(;,f‘l‘MMnl
MmopiT M b o e 1

dand .




el A b ST - Lloen e ! L i : ' s
Se
Trotmeve arve Less thar MM windows Lrnothe divyolav oant The suues ol
che trtferent Jdata sers regquirel To pertorm 4 Lase e )
- D a 4 plubal approsch 1o Window mardcemernt

L he more giflolent Than an otherwise equi”a_en: $V5Ten DD LY InE G

T - PRV j - o L B N s A s o e T - g I3
Lncanized avyroad: Flgure 4 filustrates two dats se”g a7 sre of
RS-

Li2 DasLis IoTr LS5 L5 ds IoLlws werT, There are- .ess

'
7
)
o]

MxN windows on tThe

windows are approximatelv equa: in size, i+ is iixelv that each of -re

~.ncows contains space in excess of that required to displav the full

of the asscciated cdata ser Thus . 1f arv

"
o
w
o
]
Ja
)
o
Q.
O
£
o3
ad}
v
o

. = enlarged or a new window needs to be opened, the smal: amount ot

ivace that will be taken freom each window to accomp.ish This operation

e
-
e
™
3
ot
-

7@ These wincows sutf

:")
]
o
]
b
o
v
oS3
ho
hel
ri
<
[\¥]
(e}
=]
w
y -
hd
a

.

zonae displav of she full associared data sets “nder

Trsacr. nowever, space Wwili be taken from oniv one or two wiadows.

large amount of space that each of rhese windows mus® give up mav

i

_eave ~hese windows tno small to continue dispiav of the [ull adssnciated

isving window or cpening a rew window

o
t
[
W
T
Y
-y
v
0
®
3
4=
)
JQ
e
o]
&)
Y
5
°
R
e

rae Toome Followed Dv

i . . EN o .- e el
DA e ey PRSI AN ai. M winaows o an e O o oo S T a .
4 . s E ey s . PR -
it O T e [3N¢ T T T ir il P AN 1 N




O @
] ]
> AN
o
< \,./ s// —ﬁ ,,,,,
O




Jata sels LA LT e D le pet i le T Ve tos Ty O :
Approdacs T Wwindow ldiapsmer Wloo T Mure e TIlllent Tt AL AT NeTwlle
VALTALeT T st stem emp oIty 4 ZL0TdL dnuy el Pl LT LLLanTrate

tweo dati sets that vary greariv In slize
The masis for this hvportnesis is as follows Wer trhere are Jess

2
ye
X
[e¥
O
£
v
L)
(8

9591
ry
47
[}
i T
»
e
e
w
y-
8]
4%
r

i
w0
b’
x
D
. -
Iz
v
8]
(el
w
=)
o]
v
o
o
O
€
e
D
3
W
U

Zreat dea. Twove space than that required to dispiav :heir contents
“ilie Olliel WINGOWS UG Low Ccontaln much eXxcess space ir tne cata se<s
. N i Y SN s - . . P AR - . . . - - S .
Tegulred L0 PDOTISTI 4 TLSA Ale DiiglilY i ut‘pﬁ:(.d&“:_ “ne Ll ConTents

27 severa. nof These Uaca sets xmav ne=d o Le displaved simultarecus.y -5
cern’lt perfuormance of The Tdse (foan existirng window needs "o bhe
zr.arged or a new window neeads to be opened. the localized approach cer-
m17s rthe user to dre space on.v from those windews with sufficient

z¥.Rss space "o meet the needs of the operation Urder the giobal

)

aroproach more wirdows woulid be zffected bv the operation. increas

ra

ne likellhood that windows withouT much excess space weu.d he reduced

reeded to view Thelr Till contents This inoTurn. would

i)
m
A,
£
B 1
o
o
w
..
3
®

.ncrease the 1irkelihood than addltiona

reTLller
1Y ovraore gre MxXN o oor o more windows on the displas oand e Catd sel
Seilred T Ceviorm oa wienov inverdeperdert. tten i 3USTed
“TT Vit A Lealired anTroarnh to window Mduavement wi.. e Tore o171
- TAT. a7 Tre W Ge e ol N DR A : o i
TR s snathes e Ls an o ‘w P OR] T
- TE W LT - Tl R PEC N e ‘ ros o i ! [




*2

O

"3

N




. e (. Lo MLl W s A .

PR R ne o tul. CoTonTernt s MO T TN carted dama se” Tt he data

SeTs TSI ULTED TN Del D CUT s TLsE sl o co Lt rder ’ e bl
TS oat af these dihata seTs may nave 1o he g1 S olmiL T oar

if the dava sets contained i Tnece Wl

P )

LoOwWS are nezessarv Lo comp.ete the rask wiil anv addi

i
Ve
o
o}
8
@
1
o
a1

N
o
-3
m

ravi be rnecessary Under the globa. apprnacnh however severa.
wimdiiws will te veducsed below the size neeted o view Thelr Ll cor-

()
"
1
"
°!

2
¥
f
j)
L
%
i
17
3




gty e
CRIMENTAL PLAN

Ag Lment Tes” Sierilies o f

: ) 4 and zlobal approaches zo ©ilec : - noased
r eact Sour decision maring Tarinsg ool rimens T

TAN LML namter of rows permitted v Tie displav M was T LW
T T an darta sents Trat can e bl disrlaved Wit

o - [N ‘, P Y S R
AT DL TS N wa s Vel AT Dre
PO - ol o v PN v - H 2 ”- 7 R ~ v
Tignn Coemson Univers oo i this stzudy .

s
oY
T
he
~
VY
H
T
LA
¢4
wn
Al
"
it
T
o
@
~
oY
ty
V/(
O
O
1
[}
m
I
A
P
t
R
t
-
U
o
<
73
jo¥]
r
¥}
I
o
n
rt
Y
3
i8]
S
o
-
™

orognot oan NE Malcisme JO-14UUPRA color graphics menitor Sof-ware

Ltten o oproduce a Uiled window = ot npeniTy

- et " N v,«'hdﬁ..,< - § i - g Ll
N 41 reorpenin winQows L edcnh ol atl Twi w LABINE
Lt Ter T Thne cocarized Or guatas Approaciies To wWinGow .
[ . i R . —~ T~ o N ~ A H A PRINOO - :
0T Tware was .50 designhied o fermiT automat i L7051 e LEUINE Wl
E T T o e erlarging CY YEOTLETITD danntrer W, W e .
Lo an w e LT TR AN B SR A4 T ! DRETII L Al . T N "

& N . K e g e . \ . - P S e |
4T Tl ZUACE LAl ana e Lo The el st Ing Wil . e > 3 =Ll Ll




LUE T ASK AT LT T T 4 ST : i : R : e e " ST
TrlTULTE A TAT Le 7 -~ P 1 mlan . e . N
LU Ladles e Targ e LE oA T Al ard - R PO

ieTs s ivd The s svem ‘e g, what ls The Tota.

N - ~ . < e - , ca v PR Xl e < v d

: N LAl e s JnnTalned L ~aLd sel s anac o [SEE QISR

To8VsTen Stoad 2 oased To open or reoren a specltlied wIincdow at o4
—— - S - ~ T b s . N, y P RIS S T S R

- LT UL o4 .o GuL 2 oe L0 eniLarge stecllilel W [OSRAH

e e . . -t v - -~ 4 P * & - PR [ e -2 3 - - i N 3 - . [ T ¥
e o A O i . a - P LA LW U MLuAa L LD LD WEL L LT

LIlaTIuns .l mewrtuza  lonar oand output c juestions co be answered o

" Tisilpart. window management commands enteved bv the participant
eechack lirected To tne sarcticipant, and answers entered bv the partic-

(8}

ot
&
]
ry
1]
(.
st
~
®
(]
ot
19
4
ad
Q
cr
oy
@

monochrome rtext monitor {see Figure 6 AL

wirdowed envirorment on the

¥
T
~
®
o
o
"1}
sy
.
(o
-~
R
o
-
1
g

mor i

[
9]
o
Ve
&,
o
o
1
[q+]
o)
o]
Y
3
X
o)
~
g
[ )
3]
=
o8]
[
[e]
-
i
T
e
o
R
a1
o
e
v
3
ol
»n
.
31
[
ot
1
n

- Al e - ' ~ a1 - T ) - - - Yy omne -y - B} - o .
ST szT OMEND containsg icons of sels That nave ver T2 ne alsriaved
- oy

ne mlZ0eN CATA SETS meru c¢ontains lcons of data sets tTnhat nhave been

ceroved from othe displav to make room for other data sets

indeverdens Varianles

“hree lrdepervlenn fari:ables were

R - - - - P e - . H - -~y e o v
TallAZReMmern.l 3ppronach. was Tesled arv Two leve.ls £ . .
- PR : - JE. N P o e . - v 'S - - ~ B -
e owecnand arl third irndeperndert cariabies togethe MATAUTe T MEDEVERS .
H R R LTI ar LTS eI D Onine Tt WL WAITANW IR ST e Ty ML AT
. halt « . - . R . r S - 2 - . . .
* i ) ERRI sl - 4 N . LS Vel 1 1 . 1 DS NN - . 1 P St
P o . c A e R S ar tov . Ce e LY .




Tt DTSPIAY A TaTA CCT ,

Te ' TG OENLARCGE A WINDCW '

RN NTYEDPT s s - S

IO REDISPLAY A DATA SzT
P B . PR

a P CIVE AN ANSWER '

[ T T T T T A N L T T U O LT S T T R R A A
e o Y g
PION N ORI Bt

numnber
sers h

O
[l
]

Cop
'ty
o
'
i
wn
G
o
[V
wn

e
{
Y
1
0
n

Y
o

,)‘

e - RN : T v P - 7 y
L5 o aniswer LS Loney arcs Few To Cortinue
. . . S S Lo e, e ) .




llyA

Avpdsyq [vorydean sy uo poAv dsg siag PR pamOplm

L]

oo o
QO | ] (1| U
t1 11Ul L) O
[J 0] - U]
OO L] O

] L]
O ]

(] {)
)

pje T

SIS Viva NI

NNIW 135 Viva




fu

ty

=N
g

Y

ot

Y

i

23

as 1.l TUer a4 Se TS TEL LLoTel e lii. ALeints oSyl e T . Lt :

TIETTE This amount o1 S0ace wa:r 4l dleéd Wil ne goilal To Sne sl
e SLET LA ATl W LT el TS S ot = I S AU o CAY_);:&’Y wLolLn i

e mignovariability case the mean amount of space required to displav

L.e 2Trners regquired TUCT LaUEET aMounts of space set widhs were
rmaLl. distribuned with a standard deviation egua. to one-fourth ot

e mear Z4aTa set wicth: “re third independent variable interdepen.

23
s
5
1
v
oY)
1
fu
p
I
™
N
At
L%
1
T
n
1
44
e
%)
o
Y
X
O
aT
T
v
w
3
O
S
[\
o]
@
4
v
e
¥

rerderendency case parviclLpdants were regjulred to retrieve information

nTOTwo Z2ata sets ant oa

me <o dezermine facts ‘e .g. What is the dif-

w
‘

e}
3
(a1
Y]
ye
3
®
.

rence zetween the tota. number of trapezoids and recrtangle
dava set g and the tota. number of circles and paralielograms =nn-

ined in data se~ k7:.  In the high interdependency case two to four

“a sets needeu "o he accessed to determine facts e gz, What is the
sma. number of squares contained in data sets e. o. r. and t7 . The
i< sevs emploved in the low and high data set interdependency tredz-

t copditinns arve included as Appendix ¥

=

Liperimenta. Desigr

Trere were elght treatiment conditions resooting from Te OvVOosSsSitg ol

7 wWlncow management appreaches. Two leve




—— e o SR, ~

S NG e N

=
-
, .
- ‘.
[ 1
N -~ s
N
™, 1)
.
It
b e e R L e I
. "
N ;
. 4
~ 1
N
- (&) t
v B
~N
R Y] i
N b il
i I
~ - i} o
3 -
. . )
v ¥
¢ ~ E
A5 ~ -
V N .
o 2 . -
Y] . | D I S R

' Rt r -
I .
[ P
- -t




3
(3%

w
=
T

o
t1

b
cr

VoA
PECR T
o
. .
Tasy
i1

Sl
[
D,

subtask the subject had to open two windows fo accommodate Iwo

TS

Wl Cmn ey Sl T A S S S
: Drmped Tive NE T I LT PADAN AT el TS el T e se
T managament sVsTeéms o Compie e She elehT tdsk Dicddrs resolt-
tle crossing ol Twe levels 0! window manggement approach. data
artabiooiey 1v.2 lela sert ntevdependenc: The crder »f admin-
ool These elgnt A5k DLOCKS wWas countirbalanced arross sib
oF Tnese elgnT TasK DLoo red Tre subtecrt To extracs

reatment conditlior

an additional window to accommodate a new daza se: from whics

q

“err5 n¥ +he assceociated dava ser. Reonmernt

)

subtasks 1 e

omocontained In 00 data sets o vertorm

requivring the sublect to use tne window management svstem

[
oy
T
t
(o8
a

+
[Y]
Ui
@
-t
[
.
©
Lo
O
133
e
@]

o
N
nr
b}
X
19
i
-
“
-
fo%
147
[9Y
3
s
e
o]
ot
£
o]
o]
=
vl
n
@
n

first phase [ncludexs the first 1» subtasks.

from which zhe sublect needed information In each of the

*t':»»> PR 17 e 1‘4‘_;.\ -

(WAl

h, and 17th subtasks. rhe subliec:

ot needed information. To complete these and the other sub

this phase. the subiect might aisc need o enlarge or reope

any of the windows contairn

o
+

Enlarging would be necessarv

Tecessary tgo complete 4 SuUDTA3K wWere 00 rnarrow To displiav

“he windows containing data sets necessarv 5 Jomc.ene a S

anrtomatically closed The first 18 subrases were categori

sasks in

il
(o2l

o complete ~he

©




" ~ ° " B : ' it : L.r o L‘ N h
W e TEIUOam wnl ‘
: - L Sekh LT T
T ST el T Taa T :
v Lot oTne s w0 n needed

& e Aot asks 1 Uhng as
- DA NGO MU 1

as T Tary RIS

N "{ZL::'“. .50 7 LT Tenner

DSE T

H

e Lo oaln Lo

5 T

P e

x

Lo W 5
LU Te Tasd4s he i e e
e PR S S Taan e ). ‘t’ ‘

Tead Lur Toa e
. v SR SRS L '
LU Al ] FOR R PR R
T O o T DG AT
! T Tt B »» TCa T Ly .

irdow

i : B . N
i L ) [T - .
TEE e LU mAT D LT [T S :
LU st anKs Lo
. T30 - TiTe . S
- Tionm Tooamyooe e T e e
St v Soteel T e e
T TV ony aoh L
CTTEr 4 ol Uhe data T
Cwo LA WInow Ul AL L a daTa
Ll cLoonsed
I sl .8t tav :
re LTS St el T W
manag systex ard or ~
d e e
mhe b Tre sur el
Laricy wirh the ~ommands

e WOl P G " o,
T s ST et e
Porird i st D oo
ol 4 - L e e e
" [SRILY e e e " .
N . EAPLEIN et b
LR "7'1. : ) -; w t1 S B
e T T N -




Lelerde 3 N =
T - s R C e - vy P e [ R P - N e e e
. ne A8K Cump.Le LGN T LTe VAMDEe Al & LIIGOW ManaZement GUerdallong
Lok Thel lTES SN LAl ElnEs iNE Jednen s ANnG TUAmner Ilnilnr e

Lo LuTIOTS were recorded for o each of the elght treatment condir

as® ooRpietion time was 4icided irnto two primary compenents wirndow
3T AEemeT ‘me and task soclL.tion Time

Cirndow maragement Time included anv Time the sun

EEECRE el LNTY & vonilguration Trdl wali sultan:e o compilete
¢ sunlasd ~ ~ management Time LUse.l Wwas composed ol

the Time spent en.arging windows:
recpening Iime whiun v ciuded the T. » cpent resper:ng windows

asd solurion time was -ne -ime the sub’ect devoted

[0}
0t
o]
[o%
LY
1
1]
~
2]
v
b3
v
03
2]

re specific facts requestec once he had arranged the windows into a

Pty

TrrilguraTtion sultable To perform this fask.

R
Y

wn

¢

o permin zesting of the previouslwy stated research hvpotheses . zhe
oo PR Ve e .. . 2 - 1 5
-oendenT measures were categorized as follows

N Measures based on the performance of subtasks . +hrou
Subtasks 1 <hrough 17 were performed under conditicns in wi
Tne number of window n the display was less tha h
wrber of data sets that could be fully displaved
area avaiiable on the videc displavy (MxN = 2x5 = 1

72
o

‘ Measures based on the performance of subtasks 19 through 26
These subtasks were performed under conditions in which the
number of windows on the displavy was equal To or gre: h
~re mean number of data sets that could be fuilv dis

wi=hin the area avai.able on the video displav

Mceasires hased on the overall pecformance »f a

i S
Trese measures provide an overall indication of the vel_ative

eS8 riencies +f the 'wo window managemont approacnes Ior the
entel TGk et
Tt re et ot egan treaTmer crdls e portiors L s ERRN
- - AT LT W P e et r o aeae b Ty Lot permLt

&




cervrelved ease-~clb-learning and sanls

A

veral. satisfaction and rrefererce for

Jraches
A Trree-factor within-sub’ect arailvsis of wvariance was perfsrmen
T de srovided the most effec-
TLve the four decision maring
scenarics and curing each of zhe rwo phases nested (less than .0 dis
v.aved lata sets and LT or more displaved data sets) Anaivtical - om-

~ere periformed, wnere appropriate. to determine the locus of
anv sigrnificant interactions among the independent variablies that were
lerntified bv the analvsis of variance. An analvsis of variance summar-

in.e 13 presented in Table I




Tah.e | AT Sz < 1T Lal e LAY N : e -
Sublect Lesign
Source af SS MS F
between Subiecrs

3 L SS . MS

S S

LY
N L

= . 55 MG IV
By AL _)DA .JA 4,\.:‘., ‘..JI:‘J(:
AxS a in- Lo 55 MS ..

A ANDS
3 Nl i) MS . MS

<) o) 2xS

BxS Ch-lrin-l §S MS

BxS BxS
Z SRR Mg MS . MS

2 C0T TS

~xS c-rin-1; S5 MS

CxS ZxS

,Q‘

ca-lyfc-10 SS, . MS |
AxC AxC
(a-i){¢c -2 (p-1 MS

o
.
.
a)
'
ot

M
SBXC

j 55 MS .
" ?YBxCxs Kbebe
¥}

“SAxBxc

MSAXBxCxS

Total aben- 1 SS.
Toral
Tactor A ~indow Management Approach
FacTar B Dava Ser Size Variablilivy
I3 o Zata ser Inrerdependernas
5= Pl cwmy o nmE

S
AXBXS




Tive deperndent measuies were emp _ ove WITLI0W T agement T Le

suaber of window management oferatloms  tas« .. .rlorn Llme  namber ol
correct so.utions, and COCal TASK Compliotiorn T lme Favn o of these was
ana.vzed separately for the initial porticn ¢f the rask nlnck when less
“rian 1. data seis hac been disp.ived on the screen, the remainder of the
Tas< block when 10U or more data sets had been displave ! on the screen
and the entire zask block.
Window Management Time and Number
ot Window Management Tperations

zessz Than 17 Disclaved Data Sets

Tabies [I ard 111 contain the ANOVA summarv tab’es for window mar-
zgerzent time and number of window management operations, respectivel.v.
Tre window Management Approach fA; % Data Set Size Variabill Dvox

it
s

oy
Y

B3

py)

v
¥
T

I

Wy

[

et Interdependency (Di) interaction is significanz

ey

2

S
¢
=3
[
9
¢

and 10 degict this .nteraction for manage

5

[3.%]
=
v
n

2!

Tzwles IV and V) indicate that the simpie A x Di interaction Is signiti-

for both measures when data sew size variabi.i:

tests indicate that when data set size wvariabilizv is nigh, =<he

1

. aporoach resuits in significantiv less window marnagemert Tire am

mandvement oGeranions than the localiced approach 1§ data set
derardency g low. while 1T resuits 0 omore maragement colTe i

ement aDe s T lurs Thdar tThe Lacaciren any




(V)
I

Suh
g A
ToSize

A« D

[

W3
=
C
e

x 21 x

St

b
Al

s

2

E1o2¢;

106

(&)

O e

-

o

fp

T

n

wnoro

R

NS
PR
-
R’
LA
T
-
vl
E

s

IS

AT

DAY

Q001




N
v

(@ 8]

et

v

()

SIS

+
[s 7}

yoh
¢

-




csaag e pasepdsi oo uengp ssap) sy YU S e mopim JOJ HoL R e} ) X A X ¢
Avivrrgerery o sag eavg g3y q Artpiqeraea SRR ELANER A R I AN v
s o 4G T m e S HUN e Wigr 1 & v N R
o R R I A IR (IR IR TRI SR NI o '
b1 MO ybTH
; 3 1
o
[ )
_ IR - St o N o
- |
_ N o
| 4 = :
. S
by LT .
” I .o
P L I
ne T |
: e N -7
I~ . B
Vo , .
q B B
.
. i .“ .M
. .
o .
i " !
quo, .
HE -2
< © ) iy .
[
-
m .
. o




Pt H

.

A

i

1

tge ey

I

RN

suo v iadyg Juoawadeary AMOPSTTM JO 2oguny 10}) ol 3o 1au] 1y X

1G e ydiy

{
)
|
i
b
i

(S134 wary paiw

¥ ATTHIYgR paea a0ty jag

M
W
[N
« Bty
i
N - - -
et !
(oo
o
o
>
"
oy B
N i
)
"
[ -
po 1T
F- o
a0
_”
e
(AR
B o
‘
SRl
K -
AN
[
H

vy

jw _:m;,u. n.f;.N.

M !

il

L:i._..w




|
{
!
}
|
i
i
|
i
{

(Y

oy




‘ f r Bl =) 0

. T f ] + =)

[ I [ [ — o

. - - oy o P

i .

. R o> h [ [ o
ol
-

i . | Al o4 e d - o

g ; f ‘ s o a

i ) i . - .

’ | L [aS] o L) sed

| o A 58} h

. : : o o o ) a0
[ (] () o try [ !
' . i
1 0 [T i - Vel — {
- ! t e} 4 —
[N 0
Iy
&
i
: i 1
)
" . : .t e ~ i e
i
- |
. 1
4, [ Moo |
R R A w0 Y N
» L i ! 4 PR - oo
‘ v 1 N B -, [ [ < 19
a =~ _ el A ey 3 v
i i oA 9] PO
T . oot EH EEE L] i (RS
[ Y { RS 8] v w0 ] U @
o ‘ | g o] [ i o] ] n O et
! M 4 e} [ o Q. o It I}
¥ o by RV LR S 1] g @
~ P [o% [P > oy o [N o L
R ' g I (i B AR I (L Y W
v i hs 1 ¢y o 1, 1 [@ Wt -1
N r1 ! \C hu 493
L _ E IS MU
" N ] PR
B 4 ! 1 o0 [




1t Te . S LLan Al - ERAP T lnp L A .
nteraction suggesty TNAT whor U WIe Loys Cren Ten data ser s on e
i and dazta set sice var: TS ceriormance witn tne

g.obal approach is sensiztive to changes in data set interdependency,
~hile performance Wwith the localired approach is insensizive.

The sinpie-effects F-tests on the A x 7v x D1 interaction reveal a

lenifirlcant simpie main effect of window manageme:n.t approach on honh

tepencdent measures when data set size variabilicv {s low ‘cee Tables IV
and This effect ircditaves that when data set size wvariabilicy Is
ow. the g_obal approach requires less window management "ime and fewer
#.indow management operat:izns 23 A7 s and 10 OO0 operations' than the
ocalized approach (91 8% s ard (5 44 operations) regardless of the
_evel of data ser interdependency
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isoroaach Performarce of the lccaliized approacn is insensitive to
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The lr-eracrion of window manaeement approach with Zata set size
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terErdenc Ty was oW The ditfererce in cerftormance helwewrn e LwWa wine
icw maragemert approa nies  while significart. was sma.ler than the




LGed predisticns of the resulTs Secaus ot the glota.
opThact 's o acvantage CVer e CaLited appress Ln o this case ls e
T — -1 N v on i I . T e 1, a1 . . RN Sy
ci2ar and the chse wve . differences are roiatively smail there is "itnle

TIr a Jonfecture that tre advantaze of the glohal appinach might

- for vaiues >f N other =han the ~este” . luc £t fie.
Tern cr More Displave z.a Sets

Wren more Tharn ten windows were displaved simultaneousiv . the ©.tal
1isT.av area was  on avsrage. ol :arge enough to permit fewing of the

-

I the asscciated data sets. The third research hvpo-

R

“hesis sratea I “hapter (71 predicted tzhar when there wer

€T

ten or more
winZows on tne cisplav  the localired window mancgement approach weuld

i levz thau the g.obal appreach

£ rhe interdependencv among

aza sets was nigh~ The results of the study support this hvpothesis
:nn suggest Lhat the localized approach is more efficient than the
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i.27a. approach ever when the interdependencv among data sets is low.
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required less window management time (Figu™ 13) and fewer window man-
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I Tre rocalized approach over the global approach was sigrnificant oy

noLtevels of data ser interdependencv, but was greater when the inte. -

g dara sets was hign The advantage of Lhe localized

atorracn was not affecrted bv the lovel of data set size trariab: U

‘te hnasic for tre third nvnothes:s was that wren rhere (s no
srougn disp.av area  on average, to permit all oper windews To display
3 IMLLYACEoLs.yY tne entire conrtents ot zThelir as.ociated dats sets, 10 1s

Lieelw trat tre subtraction of ar space gt oall from a Wwirdnw will




recduce 178 size hel hw TRaT requived To o dlspola e DLoL oionrents olL
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subsequer T tasks. !'nder the g.obal approach, however sewveral windows

Wo.. De reduzed beiow the sirze needed to view their full contents.

increasing the likelihcood that addizional erlarging cperations will he
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aprroacr is par:icz;ig_rlz; nigz:. when the data sets required <o comple:e
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5f several data sets mav have Zuc be displaved simultaneously to permicz

cerformance of the task.

The studv tested a uation in which an average of N = 5 data sects

n
pa

cwaid e completely displaved within each row of windows. The globa
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approacn would affect even larges numbers <f windows wher an existing
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is greater than five Thas, the advantage of the locailized

and eve. increase. when N is gcreater chan

approach is expected %o hold

{ve ani -here are MuN or more windows on the displiav




Kecommendations

Tre oblective ¢f this research was to letermine the relative effi-
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1 s q ~rr - oo
¢ windeow manage -

mer:Z under each of several decision making scenaries. rcach of these
lecision making scenarios is characterized bv its Location a.lnng each of

Inree dimensions
.. whether or not the windowed display area iz large enough, on
average. ‘o permit all open windows to displav simu.taneous.ivy
“he re  -vent contents of the data sets associated with “hem.

N The variab-i.ity in the sizes of the data sets required o
perform zte decision making tasks.

]

Tre level of interdependenc. among the data ssts reaquired 7o
perform zte decision making tasks

The results ot zhe studv of human performance using the locali:ced
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;72 z.2bhal Wwindcw nanagement apg

T

s.roovzed guide.oines for the dezign of window management s7sTaTs
wten there i{s enough displav area. on average. o pe. xzlt all open
~.niuas "o display simuizaneouslv The Televant contents of “he <Zata se°

333-7laned Wwimnh these windows the fol H»wing altlernatives ave

variabilitv in the sizes of rthe data sers requives Lo per-

csaches led tuv rhe following empiricallyr

Torn tre detinicu making Tasve is low, The wInA0W manans ment
agrroach 1s recommended This recommendarion hoids hoth when tne rTer:

rg ~le data sets required o perform the Tasrs 13 Low and
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tlizv is high and the inrerdependency among data sess is Low For the

av ing environment rested. however, the global win-
4 mar..gement approach proved to be superior =o the localized approdach

~ this case

wren rhere is nct enough dispiav area. on average. Zo permin all
cer windews to dispiav sinulzaneous.v the ralevant onfents of the darza
evs associated with . the loralized window management
orrcoach I1s recommended Tric recommendation heolas regurdless of the
cveis of slze wvariability and interdependencv among zhe data sets
#.aired to perfora the decision making tasks

Limitations and Suggestions
for Future Research

Trhe research hvpotheses :stated (n Chaprer [I1[{ were supported

rpiriceii7 v che resul<s of rhe studv reporred .n Chapters iV and V

e are stated tor a situation in which a maxioun of M rows
: windews is permitred on a displav and an avaerage of N dava sets c¢ar
&~ ccmprete. displaved within each of these rows Tre suudv repar et
v Thaprer. IV and U tested a situation in wnhicn M was set egua:r T )
TN o wWas set enuay to T Thus, empirical suppo © Tour the resaardn
thes-s ¢ prov led *he atudvy oniv for these specifl dlaesn nf M
PNy Tre bazes for ‘r";vl,‘f)thec,ez SLugEest PegEtTE T L
ey osnotll o el tor cdaraes of Moarher than cwo oand for o ovaloes ofoN
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